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(54) CYLINDRICALLY DEVELOPED STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
cylindrically developed structure having various 
developing patterns, which is capable of performing 
elongated/contracted development at large rates. 
SOLUTION: A cylindrically developed structure 1 
is provided so as to be surrounded with a side wall 
lA and capable of elongated/contracted developing 
for an entire shape. The side wall lA is made by 
joining a plurality of segments (s..,) in bent states 
and, with four adjacent segments where the joined 
sides intersect each other in one point set as one 
module, a plurality of closed modules bent while 

inner angles are reduced in close curve directions following bending in an axial direction 
and a plurahty of open modules bent while inner angles are increased in closed curve 
directions following bending in the axial direction are combined, and by bending these 
modules, elongated/contracted developments are carried out in the axial direction and a 
diameter direction. 



J4 



1 



[Claim(s)] 

[Claim l]A tubed expanding structure 
characterized by comprising the following 
which a side attachment wall comes to 
surround and in which elastic deployment of 
whole shape is possible. 

Said side attachment wall is carrying out the 
shape of a cartridge which is the locus to 
which arbitrary closed contours were moved 
along arbitrary axis lines, and. In the state 
which can bend two or more segments in said 
axial direction and said direction of a closed 
contour. And a closed pattern bent while a 
connection pattern of a segment of more than 
four pluraUty with which a neighborhood 
which an adjoining segment of more than four 
plurality connects connects in the state of 
crossing at one point, and which said 
neighborhood to connect crosses at one point 
makes the inside on said closed contour small 
with bending of said axial direction. 
They are said axial direction and said closed 
contour with the state where said closed 
contour was made close by bending of a 
segment which consisted of an open pattern 
bent while enlarging the inside on said closed 
contour with bending of said axial direction, 
and was connected by these closed pattern 
and an open pattern. 

[Claim 2] Said side attachment wall uses a 
segment of a connected appointed number as 
one module, Repeat the same module as the 
module concerned in said axial direction and 
said direction of a closed contour, connect it, . 
and said module. Comprise four segments 
connected with said closed pattern, and. Two 
segments which continue in said direction of a 
closed contour make almost the same the 
length of said direction of a closed contour, 
and are provided, and when the degree of 
bending of said axial direction is the 
maximum, The tubed expanding structure 
according to claim 1, wherein both ends in 
said direction of a closed contour of said 
module see from said axial direction and are 
bent at an angle which contacts mostly. 
[Claim 3] Said side attachment wall uses a 
segment of a connected appointed number as 
one module. Repeat the same module as the 
module concerned in said axial direction and 
said direction of a closed contour, connect it, 
and said module, It has a portion which puts 
the 1st connected succeeding said direction of 
a closed contour • the 3rd two steps of 
segment on said axial direction. These 1st 
segments and the 2nd segment are connected 
with a closed pattern, and the 2nd segment 
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and the 3rd segment are connected with an 
open pattern, and when the degree of bending 
of said axial direction is the maximum, The 
tubed expanding structure according to claim 
1, wherein said 2nd segment is mostly covered 
with said 1st segment by making the degree 
of bending of said 1st segment and the 2nd 
segment into the maximum. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates 
to the tubed expanding structure for 
obtaining closed space, for example in a space, 
moon's surface, or earth top etc. 
[0002] 

[Description of the Prior ArtjFor some time, 
for example on space, the moon's surface, or 
the earth etc., in order to obtain closed space, 
the cylindrical structure thing surrounded by 
the tubed side attachment wall is considered. 
In such a cylindrical structure thing, enabling 
elasticity of a size, for example from fields, 
such as conveyance, is called for, and some 
developed leaf methods which enable 
elasticity of the cylindrical structure thing 
itself are proposed. 

[0003]There were some whose elasticity of a 
side attachment wall is enabled in the 
lengthwise direction (center axis Une 
direction of a cylinder) of a cylindrical 
structure thing in the developed leaf method 
of the conventional cylindrical structure thing. 
[0004] 

[Problem to be solved by the invention]The 

developed leaf method conventional 

[ above-mentioned ] needless to say is only 

elasticity of a lengthwise direction, and since 

lateral elastic deployment is not performed, 

there is still room for an improvement in the 

method of elastic deployment. 

[0005] An object of this invention is to enable 

elastic deployment at a big rate in view of the 

above-mentioned actual condition, and also to 

provide the tubed expanding structure which 

has an expansion pattern in which various 

incidental effects are acquired. 

[0006] 

[Means for solving problem]In order to solve 
an aforementioned problem, the invention 
according to claim 1, Are carrying out the 
shape of a cartridge which is the locus to 
which a side attachment wall comes to be 
surrounded, it is a tubed expanding structure 
in which elastic deployment of whole shape is 
possible, and said side attachment wall 
moved arbitrary closed contours along 
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arbitrary axis lines, and. In the state which 
can bend two or more segments in said axial 
direction and said direction of a closed 
contour. And the connection pattern of the 
segment of more than four plurality with 
which the neighborhood which the adjoining 
segment of more than four pluraUty connects 
connects in the state of crossing at one point 
and which said neighborhood to connect 
crosses at one point, The closed pattern bent 
while making the inside on said closed 
contour small with bending of said axial 
direction, By bending of the segment which 
consisted of an open pattern bent while 
enlarging the inside on said closed contour 
with bending of said axial direction, and was 
connected by these closed pattern and the 
open pattern. It had composition which 
performs elastic deployment of the plane 
direction containing said axial direction and 
said closed contour with the state where said 
closed contour was made close. 
[0007]An operation of the closed pattern 
which is bent in the direction which makes 
the inside small with bending of the 
above-mentioned axial direction according to 
this invention according to claim 1, An 
operation of the open pattern bent in the 
direction which enlarges the inside is put 
together, and the side attachment wall is 
folded up in the process in which the side 
attachment wall is folded up by the axial 
direction, also to the plane direction (the 
direction which has a vertical component of 
the above-mentioned axis line, or the radial 
direction of a cylinder) containing the 
above-mentioned closed contour. That is, the 
three-dimensional elasticity including the 
axial direction and radial direction of a 
cylinder is attained, and the degree of overall 
elasticity can be enlarged as a result. 
[0008]Therefore, for example, in the case 
where it accommodates in some 
accommodation space temporarily when 
conveying this tubed expanding structure etc., 
efficient space use can be measured. 
[0009]the plane view (cross sectional view) 
which has a medial axis of linear shape [ form 
/ of a tubed expanding structure ] for example, 
here, although almost circular cylindrical 
shape etc. are mentioned, The tubed 
expanding structure of this invention is not 
restricted to the thing of cylindrical shape, for 
example, the thing of arbitrary closed 
contours, such as plane view, a triangle, and a 
polygon, is contained, and the axis Une of a 
cylinder is not restricted to a linear thing, 
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either, but the thing of arbitrary curves is also 
contained. Although various combination is 
possible for the connection pattern of the 
segment which constitutes a side attachment 
wall, for example, the combination etc. which 
a closed pattern and an open pattern replace 
by turns in the above-mentioned closed 
contour direction are mentioned, Even if an 
open pattern continues, without being 
exchanged by turns or a closed pattern 
continues, it is possible, and it is possible even 
if the number of a closed pattern and open 
patterns also differs equally. However, in an 
axial direction, if it is a closed pattern, a 
closed pattern needs to continue, if it is an 
open pattern, an open pattern needs to 
continue and, thereby, the whole side 
attachment wall can be folded up smoothly. 
[OOlOlThe invention according to claim 2 uses 
as one module the segment of an appointed 
number with which said side attachment wall 
was connected in the tubed expanding 
structure according to claim 1, Repeat the 
same module as the module concerned in said 
axial direction and said direction of a closed 
contour, connect it, and said module. 
Comprise four segments connected with said 
closed pattern, and. Two segments which 
continue in said direction of a closed contour 
made almost the same the length of said 
direction of a closed contour, and were 
provided, and when the degree of bending of 
said axial direction was the maximum, the 
both ends in said direction of a closed contour 
of said module saw from said axial direction, 
and had composition bent at the angle which 
contacts mostly. 

[00 11] According to this invention according to 
claim 2, overall reduction efficiency of a side 
attachment wall can be especially made high. 
Namely, when projection by bending of plane 
view and the above-mentioned module serves 
as composition arranged several module 
minutes at a radial when carrying out 
bending reduction, but (refer to drawing 2) 
the above-mentioned side attachment wall 
makes bending of an axial direction the 
maximum, Since the both ends are bent to the 
angle which contacts mostly, the 
above-mentioned module makes small the 
length of the radial direction of a tubed 
expanding structure in the state where it bent. 
[0012]Although the path length of a tubed 
expanding structure can also be made into the 
minimum in the state where it bent by using 
the bending angle of the above-mentioned 
module as an acute angle until modular both 
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ends lap, if modular both ends are kept in 
piles, the opposite effect that the degree of 
bending of an axial direction becomes low 
shortly will be caused. Because, since the both 
ends of the above-mentioned module are 
connected with the next module and 
constitute the half of a closed pattern, they 
are in the state where it already lapped with 
the next module. So, if an angle is used as an 
acute angle until modular both ends lap, as 
for the overlapping portion, also in a lap with 
the next module, an interval will be four-fold 
lap (state with which the segment of eight 
sheets lapped). Since the segment has a 
certain amount of thickness, the bending 
degrees of an axial direction differ about 2 
times by the case where there are a case 
where there is four fold lap, and a double lap. 
[0013]However, in a tubed expanding 
structure given [ above-mentioned ] in Claim 
2, since modular both ends do not lap in 
arrangement which sees from an axial 
direction and contacts mostly, reduction 
efficiency of an axial direction increases 
similarly and they can raise overall reduction 
efficiency most. 

[0014]The invention according to claim 3 uses 
as one module a segment of an appointed 
number with which said side attachment wall 
was connected in the tubed expanding 
structure according to claim 1, Repeat the 
same module as the module concerned in said 
axial direction and said direction of a closed 
contour, connect it, and said module, It has a 
portion which puts the 1st connected 
succeeding said direction of a closed contour ■ 
the 3rd two steps of segment on said axial 
direction. These 1st segments and the 2nd 
segment are connected with a closed pattern, 
and the 2nd segment and the 3rd segment are 
connected with an open pattern, and when the 
degree of bending of said axial direction is the 
maximum, Said 2nd segment had composition 
mostly covered with said 1st segment by 
making the degree of bending of said 1st 
segment and the 2nd segment into the 
maximum. 

[00 15] According to this invention according to 
claim 3, especially reduction efficiency of a 
side attachment wall that receives radially 
can be raised. That is, if bending reduction of 
the side attachment wall is carried out, said 
2nd segment wiU lap with the 1st segment, 
the length of a hoop direction of the part and a 
side attachment wall is reduced, and a radial 
reduction can be measured. 
[0016]according to the composition of the 
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above-mentioned side attachment wall, the 
effect that a building envelope when carrying 
out bending reduction is boiled comparatively, 
and can be taken is also acquired. [ large ] 
That is, since reduction of the 
above-mentioned radial direction is not 
performed by making a segment stuff into a 
center section but it is carried out by turning 
up a part of segment, the part and a building 
envelope will be secured. 
[0017] 

[Mode for carrying out the 
invention] Hereafter, this embodiment of the 
invention is described, referring to Drawings. 
[A 1st embodiment] the perspective view and 
drawing 2 which drawing 1 shows the state at 
the time of deployment of the tubed 
expanding structure 1 of this embodiment, A 
flat* surface development view for the 
perspective view and drawing 3 in which the 
state at the time of the accommodation which 
folded up the tubed expanding structure 1 is 
shown to explain the fold of the tubed 
expanding structure 1, and drawing 4 are the 
plans in the state where bending of the tubed 
expanding structure 1 became the maximum. 
[0018]In a space, moon's surface, or earth top 
etc. for example, the tubed expanding 
structure 1 of this embodiment. The closed 
space (it does not need to be closed down 
thoroughly and the opening of the upper and 
lower ends of a cylinder may be carried out) 
surrounded by the side attachment wall lA is 
formed, and the circumference connects 
segment s— of quadrilateral shape mutually 
in the state which can be bent, and is 
constituted. As shown in drawing 1 and 
drawing 2, bending in the state (drawing 2) 
where it reduced to z shaft orientations and 
the radial direction on a x-y flat surface from 
the state at the time of deployment of 
cylindrical shape (drawing l) mostly is 
attained by bending the connection part 
between each segment simultaneously. 
[00 19] As shown in drawing 3, the side 
attachment wall lA connects a thing of the 
module IVIl which consists of the four 
segments sl-s4, and the shape of isomorphism 
to six hoop directions on a x-y flat surface, 
constitutes a unit, and connects this unit to z 
shaft orientations in multistage, and is 
constituted. This module Ml is what 
connected the four segments sl-s4 by the 
closed pattern Pc, and is bent with bending of 
z shaft orientations in the direction which 
makes small the inside on a x-y flat surface. A 
connection part of open pattern Po is 
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constituted by the two modules Ml and 
connection of Ml, and it is bent in the 
direction which enlarges the inside on a x-y 
flat surface with bending of z shaft 
orientations by a connection part of this open 
pattern Po. 

[0020]Here, in order to explain a bending 
mode of the closed pattern Pc and open 
pattern Po, a development view of a segment 
connected by open pattern Po is shown in 
drawing 5. The figure (a) shows an expanded 
state of a segment connected by open pattern 
Po, and the Drawing (b) and (c) shows a 
process bent one by one. 
[002l]Open pattern Po is the connection 
pattern connected, for example so that 
connection neighborhood hi2 of the four 
segments sl-s4, h23, h34, and h4 i might cross 
at a predetermined angle. And connection 
neighborhood hi2 extended to z shaft 
orientations and h23 are bent in the direction 
which enlarges the inside by two connection 
neighborhoods hi2 extended in the direction of 
x-y and h34 being mutually bent for reverse in 
z shaft orientations. It depends for this 
bending angle on the angle which each 
connection neighborhood hi2, h23, h34, and h4i 
cross at the time of deployment, and it is 
setting up these angles suitably and the 
above-mentioned bending angle can also be 
changed. Open pattern Po makes reverse the 
direction of bending of the above-mentioned 
closed pattern Pc. 

[0022]Each segment s-- in the tubed 
expanding structure 1 a connection pattern, 
Open pattern Po and the closed pattern Pc are 
alternately combined with the hoop direction 
on a x-y flat surface, and a polygon is 
constituted by each segment on a x-y flat 
surface, and. In the process bent to z shaft 
orientations, the portion of the closed pattern 
Pc is bent in the direction which makes the 
inside small, and the portion of open pattern 
Po is bent in the direction which enlarges the 
inside, and changes, without changing total of 
the inside. 

[0023]As shown in drawing 4, in the state 
where bending of z shaft orientations serves 
as the maximum, the module Ml which 
consists of the segments sl-s4 is set up so that 
the both ends may be bent by the angle which 
contacts mostly on the point PI. And the 
portion (portion with which the segment of 
four sheets laps in the module Ml) fi-om 
which segment s-- becomes a double lap is set 
as the range wl of module Ml center, the 
range w2 of module Ml both ends, and w2, 



and other portions are set up become one-fold 
lap. 

[0024]ln this state where it was bent, the 
internal excessive space Bl is formed in the 
inside of the tubed expanding structure 1, and 
external excessive space B-2 is formed in the 
outer peripheral part of the tubed expanding 
structure 1. When making it reduce and 
making the tubed expanding structure 1 
accommodate, these excessive space is 
produced not a httle, although it is a portion 
which becomes useless [ an accommodation 
space ]. 

[0025]As mentioned above, since according to 
the tubed expanding structure 1 of this 
embodiment it is folded up also to a radial 
direction and three-dimensional elasticity is 
attained with bending of z shaft orientations 
(predetermined axial direction), the degree of 
overall elasticity can be enlarged. Therefore, 
for example, in the case where it 
accommodates in some accommodation space 
temporarily when conveying this tubed 
expanding structure 1 etc., efficient space use 
can be measured. 
[0026] Since a bending angle of the 
above-mentioned module Ml is set as an 
angle at which both ends are mostly contacted 
by the point PI, the length of a radial 
direction of the tubed expanding structure 1 
can be held down to the minimum by a basis 
of conditions of segment s" that a lap does not 
increase more than a duplex. The both ends 
w2 of the module Ml and w2, [ namely, ] Since 
it is in the state where it has already lapped 
doubly, for a lap with the adjoining module 
Ml, if a bending angle of the module Ml is 
fiirther set as an acute angle, four-fold lap 
will arise in an end of the module Ml, and the 
degree of bending of z shaft orientations will 
be made low by this four-fold lap. A fall of the 
degree of bending of these z shaft orientations 
is avoided by ** and the above-mentioned 
composition, and it is higher [ overall 
reduction efficiency seen in three dimensions ]. 
[0027]This invention is not restricted to the 
tubed expanding structure 1 of this 
embodiment, and can be suitably changed in 
the range which does not deviate from the 
meaning of invention. For example, although 
a thing of cylindrical shape of a plane view 
**** round shape (polygon whose neighboring 
length is almost the same) extended straight 
was mentioned to z shaft orientations as form 
of a tubed expanding structure, A thing 
except plane view **** circular is contained, 
and it is not restricted to the above-mentioned 
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combination about combination of a 
connection pattern of a segment which 
constitutes a side attachment wall, but 
various combination is possible. 
[0028] [A 2nd embodiment] a perspective view 
and drawing 7 which drawing 6 shows a state 
at the time of deployment of the tubed 
expanding structure 100 of this embodiment, 
A flat-surface development view for a 
perspective view and drawing 8 in which the 
state where the tubed expanding structure 
100 was folded up is shown to explain a fold of 
the tubed expanding structure 100, and 
drawing 9 are the plans in the state where 
bending of the tubed expanding structure 100 
became the maximum. A bending condition in 
drawing 9 is the ideal thing which 
disregarded an operation by a lap of segment 
S", and is the segment s actually. -- The 
degree of bending falls for a while from a state 
of a figure by a lap. 

[0029lln a space, moon's surface, or earth top 
etc. for example, the tubed expanding 
structure 100 of this embodiment, The closed 
space (it does not need to be closed down 
thoroughly and the opening of the upper and 
lower ends of a cylinder may be carried out) 
surrounded by the side attachment wall lOOA 
is formed, and the circumference connects 
segment s*- of quadrilateral shape mutually 
in the state which can be bent, and is 
constituted. As shown in drawing 6 and 
drawing 7, bending in the state (drawing 7) 
where it reduced to z shaft orientations and 
the radial direction on a x-y flat surface fi:om 
the state at the time of deployment of 
cylindrical shape (drawing 6) mostly is 
attained by bending the connection part 
between each segment simultaneously. 
[0030]As shown in drawing 8, connect the 
thing of the module MlOO which consists of 
the eight segments sll-s42, and the shape of 
isomorphism to six hoop directions on a x-y 
flat surface, and a unit is constituted, and this 
unit is connected to z shaft orientations in 
multistage, and the side attachment wall 
lOOA is constituted. The module MlOO carries 
out continuation connection of the 1st 
segment sll, sl2, the 2nd segment s21 and 
s22, the 3rd segment s31 and s32, and the 4th 
segment s41 and s42 in a hoop direction, and 
is constituted. And the 1st segment sll, sl2 
and the 2nd segment s21, and s22 are 
connected by a closed pattern, The 2nd 
segment s21, s22 and the 3rd segment s31, 
and s32 are connected by an open pattern, 
and the 3rd segment s31, s32 and the 4th 
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segment s41, and s42 are connected by the 
closed pattern. The 4th segment s41, s42, and 
the 1st segment sll of the adjoining module 
MlOO and sl2 ariB connected by the open 
pattern. 

[003l]As shown in drawing 9, in the state 
where bending of z shaft orientations serves 
as the maximum, the bending angle of the 1st 
segment sll, s 12 and the 2nd segment s21, 
and the closed pattern that consists of s22. It 
is set up become the minimum (for example, 0 
degree - 10 degrees) mostly, and the 2nd 
segment s21 and s22 lap mostly on the 1st 
segment sll and sl2. The bending angle of 
the 2nd segment s21, s22 and the 3rd 
segment s31, and the open pattern that 
consists of s32 is mostly set as the maximum 
(for example, 350 degrees • 360 degrees), and 
the 3rd segment s31 and s32 lap mostly on the 
2nd segment s21 and s22. 

[0032]In this state where it was bent, internal 
excessive space B4 is formed in the inside of 
the tubed expanding structure 100, and 
external excessive space B5 is formed in the 
outer peripheral part of the tubed expanding 
structure 100. 

[0033]As mentioned above, since 
three-dimensional elasticity of z shaft 
orientations and the direction of x-y is 
attained according to the tubed expanding 
structure 100 of this embodiment, Efficient 
space use can be measured in the case where 
it accommodates in some accommodation 
space temporarily when the degree of overall 
elasticity can be enlarged, for example, it 
conveys this tubed expanding structure 1 etc. 
[0034]When z shaft orientations are made to 
contract according to the tubed expanding 
structure 100 of this embodiment, Since it will 
be in the 2nd segment s21 and the state 
where s22 lapped mostly on the 1st segment 
sll and sl2 and will be in the 3rd segment 
s31 and the state where s32 lapped mostly on 
the 2nd segment s21 and s22, further. The 
length of the hoop direction of a side 
attachment wall is reduced, and only the part 
of the lap can measure a radial reduction. 
[0035]Since reduction of the above-mentioned 
radial direction is performed by turning up a 
part of segment rather than is performed by 
making a segment stuff into a center section, 
it can make small the part and external 
excessive space B5, and can secure internal 
excessive space B4 greatly. 
[0036] [The modification of a tubed expanding 
structure and classification] Next, the 
modification of the tubed expanding structure 
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concerning this invention and its 
classification are described. Drawing 10 is a 
chart figure showing a classification of the 
tubed expanding structure concerning this 
invention. The tubed expanding structure 
concerning this invention can be classified 
into a symmetrical type and an asymmetrical 
type according to the bending pattern, as 
shown in drawing 10. A symmetrical type 
thing can be classified into an axial symmetry 
type and a symmetryof-re volution type. Here, 
that in which an axial symmetry type has a 
bending pattern symmetrical with an axis to 
the medial axis of a tubed expanding 
structure, and the symmetry of revolution 
have a bending pattern symmetrical with 
rotation focusing on this medial axis. An axial 
symmetry type is classified according to the 
maximum overlap number of a segment. 
When the overlap number of a segment folds 
up a tubed expanding structure, it shows the 

W/Ro = 4fs i n^secf-cos 



overlap number of the segment in 1 unit, 
seeing it to 

a center axis Une direction. 
[0037]In order to reduce the thickness of a 
<axial symmetry type whose maximum 
overlap number is four or less> lapped part, 
the maximum overlap number of a segment is 
restricted to 4. The axial symmetry type 
whose maximum overlap number is four or 
less has the following geometric properties. 
** In the axial symmetry type whose unit 
width maximum overlap number is four or 
less, the unit width W is the convex crowning 
c. " Several k and convex top C" are expressed 
like a following formula fi^om the angle theta 
(refer to drawing 11). When convex top c" 
folds up the tubed deployment structured 
division, it is a crowning which projects 
outside. 

[Mathematical formula l] 



2k ' 



(k>3) 



0) 



Non-dimension unit width (W/RO) and the 
convex crowning c in case convex top c-- is six 
pieces as an example at drawing 12 The 
graph charts of a relation with the angle theta 
are shown. In this case, as for non-dimension 
unit width (W/RO), the number of part units of 
convex top c-- to which an angle serves as the 
maximum by pi/3, and unit width becomes 
large can be reduced. 



[0038]** When the radius at the time of the 
radius folding at the time of folding evaluates 
the folding efficiency of a tubed expanding 
structure, it serves as the most important 
parameter. An equation (2) is the convex 
crowning c. The radius ratio at several k 
and the time of folding of the tubed expanding 
structure of convex top c-- which made the 
angle theta the parameter, and deployment is 
shown. 

[Mathematical formula 2] 



R/Ro = t cos(^ -^)t an(|-f)+f t a nf t a nfc o s 



2k 



A radius ratio and the convex crowning c in 
case convex top c-- is six pieces as an example 
at drawing 13 The graph charts of a relation 
with the angle theta are shown. In this case, 
the radius ratio at the time of folding and 
deployment becomes so small [ convex top c-- ] 
that the angle theta becomes small, and is 
understood that folding efficiency improves. 
[0039]<an axial symmetry type with the 
larger maximum overlap number than 4> ■ 
a value with a larger overlap number of an 



(k>3) (2) 

axial symmetry type segment than 4 can be 
taken, the radius at the time of folding can be 
reduced further. The top view in the state 
where the tubed expanding structure IL of 
the axial symmetry type [ drawing 14 / 
overlap number / maximum ] in 8 was folded 
up, and drawing 15 are the elements on larger 
scale of this tubed expanding structure IL. 
Each parameter value of this tubed expanding 
structure IL is the k= 8 number of convex top 
c--, and angle theta^pi/G and maximum 
overlap number dmax=8 of a segment of 
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convex top c". The field where eight segments 
in 1 unit have lapped with W3 is shown 
among drawing 15. 

[0040]A <normal rotation symmetrical type> 
view in the state where the normal rotation 
symmetrical type tubed expanding structure 
lOOS folded up is shown in drawing 16. A 
normal rotation symmetrical type is 
characterized according to the internal edge 
Pin and the external edge Pout being parallel, 
is compared with a general 
symmetry-of-revolution type, and has high 



symmetry -of- revolution type is classified into 
a normal rotation symmetrical t5^e and a 
general symmetry-of-revolution type. A top 

folding efficiency. 

* The edge length convex crowning c of a 
convex crowning An angle is the convex 
crowning c. " It is expressed by number and is 
the convex crowning c. " As for the edge 
length L, convex top c" is expressed by 
several k like a following formula. 
[Mathematical formula 3] 



L/Ro = 



k(l+2cos^) ' 



(k>5) 



(3) 



** Unit width non* dimension unit width 
(W/RO) is the convex crowning c. -■ It is 



expressed by number hke a following formula. 
[Mathematical formula 4] 



W/Ro = 



4nr 



s I n Y sec Y cos-j^ 



Ck>5) 



(4) 



** The radius ratio at the time of the radius 
folding at the time of folding and deployment 
is the convex crowning c. -■ It is expressed by 

The top view in the state where the general 
symmetry-of-revolution type tubed 
expanding structure lOOG folded up is shown 
in <general symmetry-of-revolution type> 
drawing 17. The parameter which 
determines structure has more than one 
including the structure which is not [ a 
general symmetry-of revolution type ] 
parallel. It is possible to choose various 
structures by changing two or more 
parameters, and this can call it the 
characteristic general 

symmetry-of-revolution type characteristic. 
[004l]As application of a <application of 
tubed expanding structure> tubed expanding 
structure, the dust shield which protects a 
space system firom that of a meteorite or 
space debris can be considered. The 
schematic view showing the application of a 
tubed expanding structure is shown in 
drawing 18. It is a space system with which 
one needs to protect a tubed expanding 
structure among the figure, and 200 needs to 
protect a space shuttle and 201 from a 
meteorite etc. When the maximum overlap 
number uses the axial symmetry type tubed 



the number like a following formula. 
[Mathematical formula 5] 



(k>5) 



(5) 



expanding structure 1 of 4 as a dust shield 
and a dust shield is developed, the geometric 
parameter of this dust shield is obtained by 
the above-mentioned equation (l) and (2). 
For example, they are 10 m and the convex 
crowning c about the length of 6 m and an 
axial direction in the diameter two RO 
required at the time of deployment. The 
unit width W which is other geometric 
parameters when a number is set to 6, 
convex crowning c *- The angle theta and the 
unit n [ several ] are determined as follows, 
respectively. 

As an application of others of W= 0.85 [m], 
theta= 0.3 [rad], and an n=12 tubed 
expanding structure, when building a base in 
the cave of the moon, it is possible to apply a 
tubed expanding structure, for example. 
Generally the entrance of a cave is narrower 
than the inside of a cave. Therefore, it 
becomes possible by developing an entrance 
inside through and a cave, where a tubed 
expanding structure is folded up to build the 
base in a caye for a short period of time. 
[0042] 

[Effect of the Invention] Since 
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three-dimensional elasticity of an axial 
direction and the direction of a closed contour 
is attained according to the invention 
according to claim 1, Efficient space use can 
be measured in the case where it 
accommodates in some accommodation space 
temporarily when the degree of overall 
elasticity becomes large, for example, it 
conveys a tubed expanding structure etc. 
Therefore, for example, in the case where it 
accommodates in some accommodation space 
temporarily when conveying this tubed 
expanding structure etc., eflicient space use 
can be measured. 

[0043]According to the invention according to 
claim 2, four-fold lap of a segment can be 
avoided and the length of the radial direction 
in the state where it was folded up can be 
made into the minimum. Therefore, overall 
reduction efficiency of a tubed expanding 
structure can be made high. 
[0044]According to the invention according to 
claim 3, the length of the hoop direction of a 
side attachment wall is reduced by the lap of 
the 2nd segment and the 1st segment, and a 
radial reduction can be measured. Therefore, 
especially the reduction efficiency that 
receives radially can be raised. Since 
reduction of the above-mentioned radial 
direction is not performed by making a 
segment stuff into a center section but it is 
carried out by turning up a part of segment, 
the effect that the part and a large building 
envelope can be taken in comparison is 
acquired. 

[Brief Description of the Drawings] 
[Drawing l]It is a perspective view showing 
the state at the time of deployment of the 
tubed expanding structure of a 1st 
embodiment of this invention. 
[Drawing 2]It is a perspective view showing 
the state where the tubed expanding 
structure of drawing 1 was folded up, 
[Drawing 3]It is a flat-surface development 
view for explaining the fold of the tubed 
expanding structure of drawing 1. 
[Drawing 4] It is a plan in the state where 
bending of the tubed expanding structure of 
drawing 1 was made into the maximum. 
[Drawing 5]It is a perspective view for which 
the process in which the segment connected 
with the open pattern is bent is shown, and, 
as for the 1st process and (b), the 2nd process 
and (c) of (a) are the things of the 3rd process. 
[Drawing 6]It is a perspective view showing 
the state at the time of deployment of the 
tubed expanding structure of a 2nd 
embodiment. 



[Drawing 7] It is a perspective view showing 
the state where the tubed expanding 
structure of drawing 6 was folded up. 
[Drawing 8]It is a flat-surface development 
view for explaining the fold of the tubed 
expanding structure of drawing 6. 
[Drawing 9llt is a plan in the state where 
bending of the tubed expanding structure of 
drawing 6 was made into the maximum. 
[Drawing 10] It is a chart figure showing a 
classification of the tubed expanding 
structure concerning this invention. 
[Drawing 1 l]It is a top view showing an axial 
symmetry t5rpe (the maximum overlap 
number is four or less) parameter. 
[Drawing 12]They are graph charts showing 
the relation between axial symmetry type 
(the maximum overlap number is four or 
less) non-dimension unit width (W/RO) and 
the angle theta of a convex crowning. 
[Drawing 13]They are graph charts showing 
the relation between an axial symmetry type 
(the maximum overlap number is four or 
less) radius ratio and the angle theta of a 
convex crowning. 

[Drawing 14]It is a top view showing the 
state where the axial symmetry type (the 
maximum overlap number is 8) tubed 
expanding structure was folded up. 
[Drawing 15]It is the elements on larger 
scale of the tubed expanding structure of 
drawing 14. 

[Drawing 16]The top view in the state where 
the normal rotation symmetrical type tubed 
expanding structure folded up is shown. 
[Drawing 17]The top view in the state where 
the general symmetry-of-revolution type 
tubed expanding structure folded up is 
shown. 

[Drawing 18]It is a schematic view showing 
the application of a tubed expanding 
structure. 

[Explanations of letters or numerals] 

1 Tubed expanding structure (a 1st 

embodiment) 

lA Side attachment wall 
s " Segment 
Ml Module 

Pc Connection part of a closed pattern 

Po Connection part of an open pattern 
100 Tubed expanding structure (a 2nd 
embodiment) 

lOOA Side attachment wall 
MlOO Module 

sll and sl2 The 1st segment 
s21 and s22 The 2nd segment 
s31 and s32 The 3rd segment 
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IL An axial symmetry type tubed 
expanding structure (a segment overlap 
number is larger than four) 
lOOS Symmetry- of- revolution type tubed 
expanding structure (normalized form) 
lOOG Symmetry-of-revolution type tubed 
expanding structure (general t5^e) 



[Drawing l] 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 10] 
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[Drawing 14] 



[Drawing 15] 



[Drawing 16] 
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